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ƟǎƺĸƢǌǏǎƙ{ƆƘō>ĎčƂƾšǆ#ǒƮǄƸ 0.05 mLFƟǎƠƿ 0.1 mLFƽ
ůƬƳwĂǉƠǎƙƑźqwÌ 2017 ƾlĖCw{ƒƾ\òzȈôƾĉƼǎ 5
ĝƐƾŻżñìǒNaOHñìƹòzƮǎȉƹ 3ƾwĂƽǴǿȃǪǭƽǋǎřſǒ 0.01 mLF
ǅƹĎîƫưƳĮÐƘ3 ƾšǆNǍ#ƾÙð$Ȉ1ƖȉƿƱǏƲǏ 0.05 mL, 0.09 mL, 













ƿƘ1542ƽǺȂǭǛȂƾ¶wĹ Pedro Nunes (ȀǫȅşVȏPetrus Nonius) (1492-1577)ƥ²
ÓƬƳƛĎčĬ2Cƾ½èƜƽąËƮǎ [3]ƙƛǱǝǤƜƺƿƘƩƾ Nonius ƾ¿ÉşśǍƥş
ïƹƟǎƙƩƾĎčĬ2CèǒăƠƸ 1631ƽǶȀȅǤƾ Pierre Vernier (1580-1637)ƥ ƛǲ
ȇǰǾȈ;ȉƜǒĊÁƬƳ [4]ƙ 
Ɣ ;ƾIāiǒ Fig.1ƽėƮ [5]ƙƘn ǒŶƼ·¶ƺƮǎƺ	ƾ(n-1)Ďčǒ nĥ2Ƭ 
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Fig. 1. Schematic illustration of a main scale division and a vernier scale division of the 
“Nonius” calliper (modification from [5]). Definition of the codes were described in the text. 
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ƹƢǌǏǎƩƺƽƼǎƙ 
Ɣ 	Ďčƾ 9Ďčǒ 102<ƮǏǀ	ƾ 1/10Ƙ19Ďčǒ 202<ƮǏǀ	ƾ 1/20Ƙ49






2<ƬƳ;ƺƮǎƳǈƽƘǴǿȃǪǭƾ0 mlƤǌ20 mlǅƹƾĎčƂƅǒîzƬƳȈ28.1 cmȉƙ





ƬƳƙƩƾ±ĆǒG8ƬƳǶǔȂǼǒĲ4 cm ƕ Ú5 cmƽŊ»ƬƘƩǏǒ;ƺƬƳƙǶǔȂǼ








Fig. 2. Pictures of the vernier scale films manufactured in this study. (a) Vernier scale drawn on 



















ǒŽƬôƾĉƼǎȎĝƐƾŻżñìȈ0.025 molL-1, 0.05 
molL-1, 0.1 molL-1, 0.2 molL-1, 0.4 molL-1ȉǒŢ·ƬƳƙŻż
ñìôǒÙzƮǎƳǈƽ0.025 molL-1ƺ0.4 molL-1ƾñì
ƽƷƠƸ0.100 molL-1 NaOHñìƹ\òzƬƳƙ 
Ɣ Żżôƺê õǃƾŻżYĒſƾƃ ǒŢǄǎƳǈƘŻżñìƤǌ50 mL2NƬƘê 
õȈ1gȉ*Ǎƾ200 mLƾǴȇǚȇƽěƬƳƙ402ƘóǆìȈYĒňìȉƤǌ10 mLƟǎƠ


























Table 1. Repeatability of the 
vernier scale length of the 

















VverǒĚſ#ƹœÒCƬƳiǒėƮȈFig. 3a,bȉƙǅƯƘƠƯǏƾƃ ǉæz ¶ȈR2ȉƥ0.999
ƹƟǍƘƮǄƸƾǬȇǨƥƱǏƲǏƾFfďİƽƟǎƩƺǒėƬƸƠǎƙďİƾ&Ʀƿ
0.99ƹƟǍƘy3úǉ0.0 mLƹƟǎƩƺƤǌƘîz½èƥĎŔƤ;ƤƽƃǑǌƯzſƹ
ƦƸƠǎƩƺǒėƬƸƠǎƙǅƳ25 mLǴǿȃǪǭƾ0 mLƤǌ25 mLƾƂƾĎčĵƽƃǑǌƯ
;ƹĨǋƧřîƹƦǎƩƺǉėƬƸƠǎƙÝƽƘĎŔƺ;ƽǋǎřî#ƾȈVeye-Vverȉƽ









Fig. 3. Correlations between a volume and a weight of the effluent. (a) The volume was 
measured with the eye. (b) The volume was measured with the vernier scale film manufactured 















































 Table 2. Analytical results on the effluents’ volume measured with the eye or the vernier scale. 
The amount of the effluent was utilized for the normalization of the volume.  
 
Table 3. Analytical results on the acid-base titration in comparing between the eye and the 




















effluent, w / g
(Veye - Vver)
Measurement with the eye Measurenmnet with the vernier scale
4.8830 4.8830 4.88 4.88 1.00 4.87 4.87 1.00 0.01
9.8398 4.9568 9.82 4.94 1.00 9.85 4.98 1.00 -0.03
14.7750 4.9352 14.80 4.98 1.01 14.86 5.01 1.02 -0.06
19.6772 4.9022 19.70 4.90 1.00 19.70 4.84 0.99 0.00
24.2896 4.6124 24.30 4.60 1.00 24.27 4.57 0.99 0.03
0.0000 1.39 1.37 0.02
0.9561 0.9561 2.33 0.94 0.98 2.35 0.98 1.02 -0.02
2.0956 1.1395 3.50 1.17 1.03 3.49 1.14 1.00 0.01
3.8147 1.7191 5.20 1.70 0.99 5.22 1.73 1.01 -0.02
5.0577 1.2430 6.45 1.25 1.01 6.49 1.27 1.02 -0.04
7.3068 2.2491 8.72 2.27 1.01 8.74 2.25 1.00 -0.02
7.5273 0.2205 9.05 0.33 1.50 9.05 0.31 1.41 0.00
8.9085 1.3812 10.43 1.38 1.00 10.43 1.38 1.00 0.00
10.8430 1.9345 12.38 1.95 1.01 12.38 1.95 1.01 0.00
13.4045 2.5615 14.98 2.60 1.02 14.97 2.59 1.01 0.01
15.5641 2.1596 17.05 2.07 0.96 17.07 2.10 0.97 -0.02
18.1913 2.6272 19.70 2.65 1.01 19.78 2.71 1.03 -0.08
20.6026 2.4113 22.13 2.43 1.01 22.10 2.32 0.96 0.03







Run 1 Run 2 Average
0.400 19.09 19.00 19.05 0.05
0.200 8.79 8.88 8.84 0.04
0.100 7.55 8.10 7.83 0.28
0.050 6.45 7.00 6.73 0.28 (0.026)
0.025 2.66 2.70 2.68 0.02
0.400 18.80 18.80 18.80 0.00 (0.010)
0.200 8.80 8.90 8.85 0.05
0.100 7.55 7.75 7.65 0.10
0.050 6.40 6.45 6.43 0.02 (0.008)
0.025 2.55 2.55 2.55 0.00
0.400 18.79 18.54 18.67 0.13
0.200 8.62 8.70 8.66 0.04
0.100 7.80 7.82 7.81 0.01
0.050 3.40 3.19 3.30 0.11 (0.010)
0.025 1.33 1.45 1.39 0.06
0.400 18.55 19.05 18.80 0.25
0.200 8.35 8.70 8.53 0.18
0.100 6.00 8.30 7.15 1.15
0.050 6.58 7.07 6.83 0.25 (0.159) (0.036)
0.025 6.42 2.45 4.44 1.99
0.400 17.70 17.66 17.68 0.02
0.200 8.35 7.89 8.12 0.23
0.100 7.48 7.45 7.47 0.01
0.050 3.30 3.20 3.25 0.05 (0.018)
0.025 1.49 1.32 1.41 0.09
0.43c)
(0.017)
a) The volume of 5 mL for 0.4 and 0.2 molL-1; and that of 10 mL for 0.1, 0.05, and 0.025 molL-1.
b) The difference between the values obtained by the experiments and the avarage are shown.
















Volume of 0.0930 molL-1 NaOH to
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